In a previous paper (Thomas, Cochrane, and Higgins, 1958) we considered some of the problems and difficulties that arise in measuring the prevalence of coronary disease in the general community. We illustrated these with two surveys of men aged 55 to 64 years, the first consisting of miners and ex-miners from the Rhondda Fach, a mining valley in South Wales, and the second of men who had never worked in dusty occupations from the rural and predominantly agricultural Vale of Glamorgan. We stressed the difficulties involved both in establishing the population at risk and in identifying those with coronary disease. The experience of two further surveys has indicated that the former problem, though practically tedious, is soluble, but that the latter still waits an entirely satisfactory solution. The purpose of this paper is to consider the problems of diagnosis of coronary disease for epidemiological purposes and to point the way to a possible solution.
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MATERIAL AND METHODS
Three of the surveys considered in this paper have *Present address: Graduate School of Public Health, Pittsburg, Penn., U.S.A. already been described (Thomas, Cotes, and Higgins, 1956;  Thomas and others, 1958; Kennedy and Cowan, 1958) . They were all of men aged 55 to 64 years. The first consisted of a random sample of 55 miners and ex-miners living in the Rhondda Fach; the second consisted of 100 men who had never worked in dusty occupations from the Vale of Glamorgan; the third consisted of 106 men living in Annandale, Dumfriesshire, in S.W. Scotland. Unlike the Vale sample, that seen in Annandale included a small number of men who had worked in mining and quarrying.
In 1958 a further study was carried out in the Rhondda. On this occasion the sample consisted of 600 men aged 35 to 64, stratified by age and occupation, so that in each decennial age group we saw 100 miners and ex-miners and 100 non-miners. A number of conditions other than coronary disease -anaemia, bronchitis, respiratory disability-was studied in this sample. The method of obtaining the random sample and some of the findings have been described in earlier publications (Kilpatrick and Hardisty, 1961; Higgins and Cochrane, 1961) . The defined populations, the numbers sampled, and the response rates in each survey are shown in Table I 
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The investigations relevant to coronary disease included a clinical examination with particular reference to chest pain. In an attempt to standardize the diagnosis of cardiac pain, a questionnaire was used. This also included questions on other respiratory symptoms and smoking habits similar to those in the M.R.C. Bronchitis Committee's short questionnaire (1960) . All (Trinder, 1952; Morris, 1959) The diagnosis of coronary heart disease is usually made on the basis of a history of cardiac pain, a clinical examination to exclude other forms of heart disease, congenital or acquired, which might cause such pain, and the electrocardiogram. In seven cases valvular disease of the heart was detected. Three of these were in non-miners aged 45 to 54-one of aortic incompetence, another of aortic stenosis, and a third of rheumatic mitral and aortic valve disease. In the miners aged 55 to 64 there were two cases of rheumatic mitral valve disease, one of aortic valve disease, and one of aortic sclerosis. These cases were excluded when possible aetiological factors were assessed. In an area like the Rhondda in which chest pain of all types is exceedingly common and breathlessness from respiratory disease is exceptionally prevalent among the miners, the problem of deciding if a particular sensation (pain, discomfort, even "indigestion") arose in the heart was often very difficult; when, as might occur in the case of cardiac infarction, the sensation has occurred at some time in the more or less remote past, the decision may be impossible. One might expect that it would be easier to identify people with angina pectoris than those who had had a past infarction because of persistence of the characteristic symptom. But the discomfort of extreme breathlessness may be only too readily confused with the pain or discomfort of myocardial ischaemia, so that even this superficially more obvious differentiation may prove impossible. It is likely, therefore, that there will be very wide variation between different observers in classifying subjects with regard to cardiac pain, especially among groups in which there is a high prevalence of bronchitis. The prevalence of chest pain and of possible and probable cardiac pain in the sample is shown in Table LI . In contrast with non-cardiac pain, the two grades of cardiac pain increased in prevalence with age.
There did not seem to be any marked difference in cardiac pain between miners and non-miners, despite the fact that non-cardiac chest pain was roughly twice as common in the mining groups.
The frequency with which it was impossible to be certain if a particular chest pain was cardiac or not is indicated by the high prevalence of "possible cardiac pain" in Table II Unfortunately, it has become clear that the interpretation of electrocardiograms for coronary disease is subject to considerable observer variability (Davies, 1958;  Thomas and others, 1958; Segall, 1960; Epstein, Doyle, Pollack, Pollack, Robb, and Simonson, 1961) . In our earlier study (Thomas and others, 1958) may say, of course, that there are some cases about which all would agree, and it is probable that the classical infarction with wide, deep Q-waves and inverted T-waves in the appropriate leads would be agreed by all. But these are uncommon in the general community-they are even less frequent among hospital patients than one tends to imagine-and reached in much the same way as we have in the past probably represent only a small fraction of cases with genuine coronary disease. It may also be said that the one certain way of ensuring inaccuracy in E.C.G. diagnosis is to include an epidemiologist among the readers. There was in fact no evidence that this was so, but partly in order to eliminate any errors that could have been introduced in this way, and partly to make the results of this survey comparable with those obtained in our previous studies, the readings of the epidemiologist (I.T.T.H.) have been rejected. Table IV , which gives the readings of the three cardiologists, shows that the diagnostic agreement is not strikingly improved by this exclusion. Table VIII (opposite) shows for all four surveys the mortality in men aged 55 to 64 for all causes and also for deaths certified as due to arterio-sclerotic and degenerative heart disease (A.S.D.) at the time of the follow-up study, according to the initial classification of the E.C.G.s by the three cardiologists. The findings for the individual interpretations are given first and these are followed by the findings for the cases agreed either by two of the three or by all three cardiologists. The proportion of deaths certified as due to arterio-sclerotic and degenerative heart disease was two to three times as high in the men whose E.C.G.s were considered compatible with coronary disease. This Table in fact underestimates the increased risk of an abnormal E.C.G. in that it compares the mortality for the diagnosed cases with that for the whole sample, which will of course include the diagnosed cases.
Table IX (opposite) shows a more correct appraisal for the majority readings. It will be seen that, while the mortality for all cases was three times as great in the men whose E.C.G.s were agreed, the mortality for A.S.D. heart disease was over eight times as high in them as in the others in the sample. The numbers are unfortunately small, but they do suggest that our E.C.G. index (majority agreement) was associated with a very considerably increased risk of death from A.S.D. heart disease. V1-2 T-wave inverted.
V3 T-wave flat. Vale of Glamorgan. The mortality of the siblings of coronary cases in the earlier Rhondda and Vale of Glamorgan studies was higher than that of the noncoronary subjects, as reported previously (Thomas and others, 1958) . In the Vale of Glamorgan the proportion of coronary cases engaged predominantly in light work throughout their working lives was greater than that of the rest of the sample, but this was not so in Annandale. We reported previously (Thomas and others, 1958 ) that the mean number of years spent working on the coal-getting shift, the most arduous mining work, was shorter in the coronary cases than in the others. The mean blood pressure was fairly consistently higher in the coronary cases in each area. To sum up, none of the factors studied from the aetiological standpoint appear to be consistently involved. The results would suggest that the level of blood pressure and the amount of working activity are probably important and that the mean serum cholesterol and physique may be so, but that these factors differ in importance in different areas and in different occupational groups.
DIsCUSSION DIAGNOSIS OF CORONARY DISEASE
The proportion of persons found to have unequivocal clinical and electrocardiographical evidence of coronary disease in any prevalence survey is small, even in the higher age groups. If one is to confine one's survey to those with undoubted cardiac pain or abnormal Q-waves, with or without associated T-wave changes, the numbers found will inevitably be very small. On the other hand pathological evidence suggests that the proportion of men with considerable athero-sclerosis of the coronary arteries, with or without associated fibrotic myocardial changes, is high in the 55 to 64 age group. Though satisfactory correlations between E.C.G. and pathology are largely lacking, the present study strongly suggests that E.C.G. changes which are less marked than those considered classical of myocardial infarction carry a considerably increased risk of dying of arterio-sclerosis or degenerative heart disease. In clinical practice the so-called "nonspecific" ST - (Blackburn and others, 1960) become so apparent. An analogous situation can be seen in the work carried out in Great Britain on bronchitis; because of initial diagnostic difficulty, certain clearly defined symptoms have been used either alone or in combination. Which particular items of the Minnesota Code separate coronary from non-coronary cases most successfully it is at present impossible to say. The increased risk of death associated with Q, ST, and T-wave abnormality found in this study suggest that various combinations of these items would perhaps be most valuable. Doyle, Heslin, Hilleboe, Formel, and Korns (1957) noted a 3-fold increase in the incidence of ischaemic heart disease associated with nonspecific T-wave changes in the resting E.C.G. in male Civil Service employees aged 39-55 years in Albany, New York. ST-T changes have also been used as an index of ischaemic heart disease in comparisons between the inhabitants of two rural areas in East and West Finland (Karvonen, 1962 Kannel, Revotskie, and Kagan, 1962) . Possibly some of the apparent difference is due to the fact that we have attempted our analysis on the basis of prevalence data, whereas Dawber and his colleagues have used incidence rates. False positive cases are more likely to be included in prevalence studies because of the greater diagnostic difficulties, and this may have reduced the association in our studies. The influence of death occurring in the years preceding a prevalence survey must also be considered as a possible cause of confusion. If, for example, young men with high serum cholesterols developed a more lethal form of coronary disease than men with lower values, then they would have disappeared from the survivor population of 55-64 years that we are mainly studying. The association of serum cholesterol with coronary heart disease has usually been found to be less in the elderly (Biorck, Blomqvist, and Sievers, 1957) . Morris and Crawford (1958) have stressed the importance of the physical activity of the job in the aetiology of coronary disease, and there has been some support for this hypothesis from pathological and epidemiological studies in the United States. For example, Spain and Bradess (1957) found a higher proportion of mycardial scars at autopsy in subjects who had been engaged mainly in sedentary occupations. Puchner, Blackburn, Taylor, and Keys, (1961) , in their study of men working on the rail-road, found a higher prevalence of coronary disease in sedentary clerks than in more active switchmen.
Experimental studies also suggest that exercise may be beneficial, either by depressing the serum cholesterol (Taylor, Anderson, and Keys, 1961) , by an acceleration of fibinolysis (Biggs, Macfarlane, and Pling, 1947; Billimoria, Drysdale, James, and Maclagan, 1959) inhibiting the reduction of lysis time normally produced by fat feeding (Billimoria and others, 1959) , or by leading to a more effective coronary collateral circulation (Eckstein, 1957) . Our findings on activity have been consistent except for Annandale, and would support the view that physical activity at work is of some importance in the aetiology of coronary disease. The observation by Miall and Oldham (1958) that blood pressure is inversely correlated with the heaviness of the job provides additional support for this view. The finding is however at variance with the observations of Berkson, Stamler, Lindberg, Miller, Mathies, Lasky, and Hall, (1960) , who were unable to find any consistent association between physical activity and coronary disease prevalence in the employees of a Chicago utility company.
SUMMARY
Studies of coronary disease in four random samples of the community are considered. Three of these studies, one of a rural community in the Vale of Glamorgan, one of a similar community in Dumfriesshire, and a third of miners and ex-miners living in the Rhonda Fach, have already been described. A further prevalence study of 90 per cent. of a random sample of 600 men aged 35 to 64 from the Rhondda is described. 300 men were miners or exminers; 300 had never worked in mining.
Chest pain of all types was about twice as frequent in miners and ex-miners as in non-miners, but pain that was considered to be probably cardiac in origin appeared to be equally frequent in the two groups. In a considerable number of subjects it was not possible to decide whether a pain was cardiac or not. Considerable differences in E.C.G. interpretation for coronary disease were demonstrated between different cardiologists. The main cause of disagreewas left ventricular hypertrophy, but differences also arose over T-wave patterns in lead aVL and STsegment depression in the presence of tachycardia. These interpretations of the E.C.G.s for coronary disease are compared with coding of the E.C.G.s according to the different items of the Minnesota Code. The suggestion made by the workers in Minnesota that classification of E.C.G.s in this manner facilitates comparison of different groups is supported.
All deaths that occur in members of the four samples are being collected. The findings to date suggest that men with E.C.G.s considered to be compatible with coronary disease have a considerably increased risk of dying and of being recorded as dying a cardiac death. On the small numbers at present available, the increased risk of death from all causes has been about 3-fold and of death from A.S.D. heart disease about 8-fold. The same increased risk was noted for the Minnesota Code items I, IV, and V.
Analysis of various attributes of cases considered to have coronary disease by at least two out of the three cardiologists who read the E.C.G.s did not suggest that any single characteristic was invariably involved. A higher arterial blood pressure and a higher proportion of men engaged predominantly in light work was usually found in the coronary group; the mean serum cholesterol was also usually somewhat higher in the coronary group but not in all areas. Of the other factors, weight and mortality of sibs appeared to be significant in some surveys but not in others.
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